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THE INTRACELLULAR LOCALIZATION OF PORPHYRINS*
M. A. PATHAK, Pn.D. AND J. W. BURNETT, M.D.
Among the many endogenous compounds
implicated in the induction of cutaneous photo-
sensitization, none have aroused more clinical
interest than the porphyrins. From recently
obtained information about these compounds a
new understanding of light-provoked hyper-
sensitivity reactions is gradually emerging.
Abnormalities of porphyrin metabolism, not
previously suspected to be present (1—5), are
being found in patients whose skin responds to
moderate amounts of ultraviolet energy with
formation of the characteristic lesions of poly-
morphic photodermatitis, i.e., macules, papules,
plaques, wheals, vesicles, and eczematous der-
matitis. It is possible that partial genetic
blocks may cause abnormalities of porphyrin
metabolism. The hereditary nature of abnor-
malities of porphyrin metabolism has been
ascertained in several genetically distinct forms
of porphyria that are manifested by cutaneous
photosensitivity. Such abnormalities of por-
phyrin metabolism would seem to be associated
with decrease or increase of enzyme activity at
different stages in the pathway of porphyrin
biosynthesis. Identification of the types of
porphyrin present in the various tissues and
organs of the body constitutes an effective
means of exploring the site and character of
these metabolic abnormalities.
The development of cutaneous photosensi-
tivity in porphyria has been attributed to the
presence of excess quantities of porphyrin in
erythrocytes, plasma, skin and other tissues.
Accurate determinations have been made of
the amounts of porphyrin normally present in
the urine, feces, crythrocytes, liver and bone
marrow of man and laboratory animals (6),
but little has been learned about the amount
and type of porphyrins normally present in the
skin of man. In order to understand the nature
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of the cellular damage induced in porphyric
skin by light, information is needed about the
specific localization of porphyrins in the various
stmctural components of epidermal cells. With-
out this information, one cannot understand
the way in which the cells of porphyric skin
are damaged by light.
The investigation reported here was designed
to reveal the intracellular distribution and
localization of the various porphyrins so that
the specific biochemical activity of the various
intracellular components that govern the bio-
synthesis of porphyrin might be better under-
stood. It is hoped that the data obtained will
clarify, in some measure at least, the patho-
genesis of cutaneous photosensitization.
MATERIALS AND METHODS
In preparation for tissue studies,t ten adult, male
Sprague-Dawley rats were maintained for 90 days
on an unlimited diet of ground Purina Laboratory
Chow to which 02% hexachlorobcnzene had been
added (7, 8). After they had been living on this
diet for four weeks, the porphyrin content of their
urine and feces was ascertained periodically for
nine more weeks in order to determine whether
they had become and were remaining porphyric.
Ninety days after beginning to receive hexaehloro-
benzene, three rats were chosen at random from
this porphyrie group and sacrificed so that their
livers could be studied; two more were used for
studies of skin fluorescence, and the remaining five
were used for determination of the porphyrin con-
tent of the skin. Since the porphyrin content of the
skin was low, the intracellular distribution of por-
phyrin was studied in porphyrin-rich liver.
Preparation and Analysis of Liver
The livers of three rats were excised immediately
after sacrifice. One liver was promptly immersed
in several changes of cold 025 M sucrose; the other
two were at once thoroughly perfused with isotonic
saline solution according to the method described
by Pan and Hunter (9), and then immersed in cold
025 M sucrose. Each of the three livers was then
blotted dry on filter paper, minced with scissors
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into pieces about 0.5 cm thick, weighed, and ho-
mogenized in a Potter-Elvehjem homogenizer with
cold 025 M sucrose that contained 0.01 M beta-
hydroxybutyrate and was buffered with 0.05 M
tris (hydroxy methyl) amino methane (Tris) (pH
7.4); 9.0 ml of this solution were added for each
1.0 g of liver. Nuclear, mitochondrial and micro-
somal fractions were isolated by the method de-
scribed by Hogeboom (10). The mitochondrial frac-
tion was washed and resuspended in 025 M sucrose
buffered with 0.005 M Tris (pH 74).
The method described by Schwartz et ci. for
determining the amount of porphyrins present in
erythrocytes (11) was used for determination of
the copro-, uro-, and protoporphyrin content of
aliquots of whole liver homogenate, the various
isolated cellular components (nuclei, mitochondria
and microsomes) and the supernatants obtained at
various stages of fractiouation. Analyses were made
promptly after fractionation (for details see ref-
erence 4).
Fluorescence Microscopy of Porphyric Liver end
Skia
Liver—The livers of one normal control rat
and one animal from the porphyrie pool were ex-
cised immediately after sacrifice and rapidly frozen
in a dry ice-alcohol bath. Sections were then cut
in a pre-eooled cryostat, thawed in cold acetone,
placed on glass slides and examined under a fluo-
rescence microscope in ultraviolet light with wave-
lengths greater than 360 my. This light emanated
from a hot quartz, mercury-vapor lamp attached
to the fluorescence microscope and before imping-
ing on the sections passed through several filters
that transmitted only wavelengths greater than 360
my, but no wavelengths above 450 my.
Skin from Rats—Biopsy specimens of abdomi-
nal skin (1.0 >< 0.5 em) were obtained from
porphyric rats under aseptic conditions after the
hair had been removed with electric clippers. Speci-
mens were prepared for fluorescence microscopy by
the same method used for preparing sections of
rat liver, except that some sections were air-dried.
Skin from a Porphyric Woman—A 4 mm punch
biopsy specimen of skin from an unexposed abdo-
minal area was taken from a 24-year-old woman
known to have "mixed" porphyria (12). Although
the urine of this subject contained abnormally
large amounts of coproporphyrin (127 yg/l),
uroporphyrin (3500 yg/l), and porphobilinogen, no
cutaneous manifestations of porphyria had ever
developed. The specimen was prepared for micro-
scopic examination by the same method used for
sections of rat liver, except that some sections were
air-dried.
Determination of Porphyrins in Rat Skin
For determination of the porphyrin content of
skin, specimens were obtained from two normal
rats (controls) and five rats with hexachloro-
benzene..induced porphyria (5). Biopsy specimens
of abdominal skin, measuring approximately 7 )< 1
em, were obtained under aseptic conditions while
the rats were under ether anesthesia. Before analy-
sis, each specimen was carefully separated from all
adherent adipose and connective tissue, cut into
very small pieces (2—3 mm), mixed with broken
glass and ground in a mortar. The uro-, copro- and
protoporphyrin content of the material thus
prepared was determined by the method used by
Schwartz et ci. (11) for determining the porphyrin
content of blood. Determinations were usually
made in duplicate and averaged. After the wave-
lengths of activation and emission of fluorescence
for the various porphyrins had been ascertained,
the amount of uro-, copro-, and protoporphyrin in
each sample could be determined by measuring the
intensity of fluorescence emitted at 595—605 my in
an Aminco-Pratt recording phosphorimcter when
the wavelength of activation was set between 400
and 410 my. Correction factors, 0.75 and 1.25, were
used when uro- and protoporphyrin figures were
compared, respectively, with the coproporphyrin
standard (5).
RESULTS
Liver
Under the fluorescence microscope, it was
found that the brilliant coral-red fluorescence
characteristic of porphyrin compounds was
present throughout the parenehyma of liver
cells from the porphyric rat; the nuclei of
these cells were nonfluorescent (Fig. 1). This
suggested that the porphyrins were localized
in the cytoplasm. The parenehyma of cells
from the control rat, on the other hand, was
nonfluorescent and appeared blue (Fig. 1).
In unperfused liver, the concentration of
porphyrin, especially uroporphyrin, was high
in the nuclear and mierosomal fractions. Re-
peated washing with 0.25 M sucrose solution
significantly lowered the total concentration of
porphyrin in the nuclear fraction.
In perfused liver, only trace amounts of
porphyrin were present in the nuclear fraction;
the highest concentrations were found in the
mitochondrial and microsomal fractions and
the supernatant that remained after the sedi-
mentation of microsomcs. In this material from
perfused liver the concentration of uropor-
phyrin was higher than that of copro- and
protoporphyrin. It is interesting to note that
as fractionation of perfused liver proceeded, the
concentration of porphyrin in successive frac-
tions increased.
Skin
Porphyrin Fluorescence .—Coral-rcd fluores-
cence was most pronounced in the stratum
corneum and the dermis of skin from porphyric
rats; only a slight amoant was present in the
basal layer of the epidermis. Packets of fluores-
cent cells were visible in the Malpighian layer.
The porphyrin fluorescence of human skin
was less intense than that of rat skin, but a
faint, pinkish red fluorescence was evident in
the stratum corneum. Packets of fluorescent
cells were visible in the Malpighian layer as
well as in the dermis: some basal cells were
also fluorescent. The minute capillaries were
brightly fluorescent. It was difficult to determine
whether the porphyrins were localized in the
cytoplasm or the nucleus.
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FIG. 1. Porphyric fluorescence in the liver cells of a porphyric rat. The left photograph
shows liver from a normal (control) rat. No fluorescence was visible, only blue transmitted
light. The right photograph shows liver from a porphyric rat. The dark areas represent the
orange-red fluorescence of porphyrin, which was localized in the cytoplasm. The nuclei of
the cells were non-fluorescent.
TABLE I
Porphyrin content of different fractions of the unperf used and the perfused liver of rats
with hexachlorobenzene-induced porphyria
Fraction
Porphyrin in TJnperfused Liver
(5g per g wet weight)
Rat 51
Porphyrin in Perfused Liver
(5g per g wet weight)
Rat S2
Whole liver
Nucleic
Mitochondrial
Microsomal
Supernatant after micro-
some sedimentation
Copro-
36 3
4.8
1.23
7.6
0
Uro-
413.0
141.0
40.0
65.8
56.0
Proto-
28.0
4.2
1.0
3.3
0
Copro-
1.7
0
0.2
0.5
128.0
Urn-
342.0
7.1
31.4
33.0
432.0
Proto-
4.0
0
0.14
0.6
38.5
Copro-
12.0
0
0.2
0
32.1
Rat f3
Urn-
184.0
2.9
11.3
20.1
150.0
Proto-
6.6
7.6
0.45
0.2
19.3
1
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TABLE II
Concentration of uroporphyrin in the skin of normal
rats and rats with hexachtorobenzene-induced
porphyria
pg of strsporphyrin per g of
wet skin
Porphyric animals
Rat #1 3.44
Rat #2 8.00
Rat *3 1.08
Rat *4 5.00
Rat *5 7.40
Control animals
Rat *6 0.62
Rat *7 2.70
Types of Porphyrin.—Only uroporphyrin was
found in biopsies of abdominal skirt from the
control and porphyric rats (Table II). No
co pro-, or protoporphyrin could be detected by
the methods employed. These findings have
been confirmed by additional observations on
the skin of man and by experiments on guinea
pigs and dogs (13).
DI5CTJ55ION
Data obtained by chemical analysis and
fluorescence microscopy from the perfused liver
of rats with hexaehlorobenzene-indueed por-
phyria show that porphyrins are predomi-
nantly localized in the cytoplasm of the liver
cells. That perfusion alters the porphyrin con-
tent of cells from the liver of these porphyric
animals is readily demonstrated by comparison
of the amounts of porphyrin present in the
nuclear fraction of perfused and unperfused
specimens. It is probable that the high concen-
tration of porphyrin in the nuclear fraction of
unperfused liver is attributable to the presence
of porphyrin-laden erythroeytes which were
sedimented with the nuclear fraction of the
liver cells.
The presence of porphyrin fluorescence in
the cytoplasm of normoblasts from a patient
with congenital erythropoietie porphyria was
reported in 1929 by Borst and Koenigsdoerffer
(14). Later Sehmid and his coworkers (15, 16)
found this fluorescence in both the nucleus and
the cytoplasm of normoblasts from two patients
with erythropoietie porphyria, the greater pro-
portion being present either inside or at the
surface of the cell nucleus. No porphyrin
fluorescence was found in the nuclei of cells
from the spleen of these two patients. Porphyrin
fluorescence was also seen by Schmid and his
colleagues (16) in the nuclei of cells from the
liver of a patient with hepatie porphyria. By
contrast, in this study of cells from the liver of
rats with hexaehlorobenzene-induced porphyria,
it has been found that the cytoplasm contains
more porphyrin fluorescence than the nucleus.
The significance of this difference in findings
remains to be determined. It seems probable
that the metabolic disturbances associated with
the porphyria induced by hepatotoxie agents may
differ markedly from. those associated with
genetically controlled porphyria.
Uroporphyrin was the only one of the por-
phyrins present in all the skin specimens ana-
lyzed. The uroporphyrin concentration was
consistently higher in porphyrie skin than in
the skin of the normal rat. It seems that the
concentration of porphyrin in the epidermal
cells and in the extracellular fluid that bathes
them would be the critical factor in the induc-
tion of cutaneous photosensitivity in porphyria.
Several investigators have studied the skin of
porphyrie subjects and animals by means of
fluorescence microscopy (4, 14, 17, 18). Runge
and Watson (17) found subepithelial porphyrin
fluorescence in specimens of skin taken from
several patients with porphyria. Jarrett ci al.
(18) comment upon the presence of marked
fluorescence in the stratum corneum of animals
after injection of porphyrin precursors and
exposure to light. The data reported here cor-
roborate these results, and suggest that porphy-
rins are localized in subepithelial tissue.
In biopsy specimens of porphyrie skin, the
pattern of porphyrin distribution and the
histopathology of subepidermal bullae and areas
of chronic inflammation both suggest that the
specific lesion-inducing injury is caused by
wavelengths of light that penetrate cells in the
basal layer. Action-spectrum studies by Mag-
nus ci al. (19) and Pathak (20) indicate that
light with wavelengths in the region of 400
mt is implicated in the photosensitization of
porphyrie skin. These are not only the wave-
lengths capable of penetrating deep into the
skin (20), they are also the wavelengths char-
acteristically absorbed by porphyrin. Nueleo-
proteins characteristically absorb light with
wavelengths in the region of 260—280 mIt.
These observations suggest that the extent of
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cutaneous damage produced in porphyric sub-
jects by light is determined by (a) the type of
porphyrins present in the skin; (b) the amount
of the various porphyrins in the skin and
extracellular fluid; (e) the duration of exposure
to light; and (d) the wavelength of impinging
light.
The progressive increase in the porphyrin
concentration of successive cell fractions may
be attributable to increased efficacy of chemical
extraction related to the release of intracellular
structures, with a consequent increase in the
surface area of porphyrin-containing particles.
The concentration might also be increased dur-
ing fractionation by the oxidation of a reduced
nonfluorescent form of porphyrin to a fluores-
cent form measurable by the technic used.
Random isomerization might also occur.
Sehmid et al. (16), using the technic de-
scribed, have observed that the yield of por-
phyrin increases after gentle heating of the
material tested. Porphyrin precursors, including
PEG and ALA, can be converted to porphyrins
in various nonenzymatic ways. The extent of
the conversion and the nature of the final prod-
uct depend on such factors as pH, exposure to
light and air, presence of oxidizing substances,
and the extraction procedure (21). It is prob-
able that many factors play a role in this
phenomenon.
Problems related to the localization of por-
phyrins within the cell and the relative distri-
bution of these substances among the various
components of the cell provide opportunity for
stimulating research. Information is needed
about the site of biosynthesis of the porphyrins,
the mechanisms by which enzymes govern the
normal biosynthesis of porphyrin, and the
mechanisms by which porphyrin metabolism
becomes abnormal. Intensive study of the
localization and relative distribution of porphy-
rins in a tissue such as skin should provide in-
formation of this type. By so doing, it would
also explain differences in the cutaneous mani-
festations of photosensitivity.
The pathway of porphyrin biosynthesis as it
is now understood is schematically shown in
Fig. 2. One may divide the enzyme systems
involved in this process into three groups. The
first group (A), associated with the synthesis
of delta aminolevulinic acid, includes enzymes
that are bound to mitochondria. The second
group (B), related to the conversion of delta
aminolevulinic acid into coproporphyrin, includes
soluble enzymes, such as delta aminolevulinic
acid dehydrase, porpbobilinogen deaminase, por-
phobilinogen isomerase, uroporphyrinogen iso-
merase and uroporphyrinogen decarboxylase,
that are present in the cytoplasm but not at-
tached to mitochondria. The third group (C),
related to the conversion of coproporphyrinogen
to protoporphyrin and finally to heme, includes
enzymes that are found in mitochondria.
One of the important steps in the biosynthe-
sis of porphyrin depends upon the synthesis of
8-ALA which requires a "high energy bond"
in the form of succinyl CoA. It is obvious that
the pathway of porphyrin metabolism could be
deflected at this point. All other steps in the
pathway involve reactions that are for the
most part irreversible and thermodynamically
favored, and could take place in the presence
of soluble cytoplasmic enzymes such as those in
Group B: for example, the formation of a
pyrrole ring, decarboxylation, and oxidation to
an aromatic porphyrin ring. In these reactions,
absorbed light could photocatalyze and induce
the oxidation of porphyrin precursors to por-
phyrins.
The initial reaction in the biosynthesis of
porphyrin, namely, the condensation of glycine
and succinyl CoA, requires energy in the form
of a "high energy bond" and could take place
only in a structure, such as the mitochondrion,
where the synthesis of adenosine triphosphate
(ATP) is coupled with the oxidative reactions
of the citric acid cycle. One would not expect
the porphyrins, which are end products, to be
present at the site of this reaction; one would
however, expect them to be present in the
cytoplasmie material devoid of mitochondria.
The data reported in this paper support this
generalization and suggest that large quantities
of porphyrins are to be found in the micro-
somes and the cytoplasmic supernatant that
remains after sedimentation of the microsomes.
SUMMARY
The intracellular localization of porphyrins
has been determined in both the perfused and
the nonperfused liver of rats with hexachloro-
benzene-induced porphyria. By fluorescence
microscopy of specially frozen liver slices and
by chemical determination of the amount of
two-, copro-, and protoporphyrin present in
various cell fractions obtained from liver by
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Fin. 2. The biosynthesis of porphyrins. In A and C, the enzymes are present in mitochondria; hence
synthesis in these systems is believed to take place witbin mitoehondria. In B, the enzymes are present
in the cytoplasm outside the mitoehondria; hence synthesis in these systems is believed to take place
outside the mitoebondria. The abbreviated terms Urogea, Coprogen and Protogen, respectively, are
used to refer to the reduced form of the pigments uroporphyrmogen, coproporphyrinogen and proto-
porphyrinogen; IJro, Copro, and Proto, respectively, refer to the oxidized form of the pigments uro-
porphyrin, coproporphyrin and protoporphyrin.
differential eentrifugation, it has been estab-
lished that porphyrins are present in the cyto-
plasm of the cell. In the liver cells studied,
large quantities of porphyrins were present in
the mierosomal fraction and the supernatant
obtained by differential eentrifugation. The
mitoehondrial and nuclear fractions contained
relatively little.
The amount of porphyrin present in the skin
of normal rats and rats with hexaehlorobenzene-
induced porphyria has been determined. The
only porphyrin found iii this skin was uro-
porphyrin.
By fluorescence microscopy, it has been
shown that in human subjects with porphyria
and in rats with hexaehlorobenzene-indueed
porphyria porphyrin is present in the stratum
corneum, the Malpighian cells and the dermis.
The intracellular localization of the porphy-
rins has been discussed from the point of view
of biosynthesis.
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